Computed tomography is now routinely used in many hospitals to investigate cerebrovascular disease. The purpose of our prospective study was to determine whether cranial computed tomography in connection with neurological assessment was useful in prognostic evaluation of survival after acute stroke.
C omputed tomography (CT) is now used routinely
in the investigation of cerebrovascular disease to distinguish between infarct and hemorrhage, in connection with intention to treat, and to confirm a diagnosis of stroke. The possible role of CT in the prognostic evaluation of stroke patients has not yet been established.
When treating stroke patients there are two main questions to be answered. The first is whether the patient will survive; the second, what the functional outcome will be. Many studies have attempted to identify criteria for survival and functional prognosis after stroke, 1 -11 focusing mainly on clinical neurological symptoms in patients in the acute phase 51112 or during rehabilitation, 34 and have often included highly selected patients.
The purpose of our prospective study was to analyze in all stroke patients seen in 1 year the potential benefit of cranial CT in prognostic evaluation. In our first analyses, we focused on factors important for survival from the acute stroke and examined findings from CT scans performed systematically during the acute period on all stroke patients.
Subjects and Methods
All patients with stroke admitted to Bispebjerg Hospital in a 1-year period were included in the project.
This general hospital in the city of Copenhagen receives patients either directly through the emergency ward or as referrals to the hospital by general practitioners. We defined stroke according to the World Health Organization definition. 13 Patients with subarachnoid hemorrhage were excluded. Patients were included regardless of age or earlier stroke and all had a detailed neurological assessment, including a bedside mental status test. 14 Examinations and registrations were performed by four neurologists who obtained information about preceding illness, including stroke and transient ischemic attack, and social conditions. Cranial CT was performed by means of a Siemens Somatom DRG scanner and analyzed by four radiologists who had no knowledge of the clinical details of the stroke. The CT was made without intravenous contrast injection. Neurological assessment was performed 24-72 hours after stroke onset.
Two hundred fifty-two patients were initially included. Six patients were excluded because CT scan showed subdural hematoma in two, metastasis in three, and meningioma in one. In all six cases, the neurological symptoms were explained by the lesions found. A seventh patient was excluded because of meningitis. Thus, our final study consisted of 245 patients, 131 women and 114 men, with a mean age of 75 (range 26-96) years.
Computed tomography was performed in 210 patients. Twenty-two of these underwent CT in the acute stage of stroke and 188 between days 3 and 8. Computed tomography was not performed in 35 patients: 26 died, seven were too ill, and two patients weighed more than the capacity level (110 kg) of the CT bed. To determine factors of importance for surviving acute stroke, i.e., surviving the first 3 weeks after stroke onset, a multiple logistic regression model with survival/ death after 3 weeks as the dependent binary variable was analyzed. In the statistical analyses, we excluded 50 patients, including those comatose patients whose neurological examinations were limited and whose poor prognosis is well established,
10 as well as patients with no acute CT. Thus, our multivariate analysis consisted of 195 patients, 16 of whom died within the first 3 weeks. Because of the relatively small number of deaths, it was not possible to analyze a model including all covariates simultaneously. Consequently, we used a kind of "forward selection" procedure in which the next most significant variable outside the model was successively taken in. Within the final model, we obtained estimated expected survival probabilities for patients with a certain combination of covariates. Furthermore, the effects of the remaining significant factors were easily interpreted using odds ratios.
After the first analyses of survival from the acute stroke, we conducted a 1-year follow-up with neurological assessments, cranial CT scans, and Barthel scores 15 at 3 weeks and 1 year after stroke to find factors of prognostic importance regarding functional outcome measured by Barthel score. The results of this study will be published at a later date.
Results
The results of the patients' first CT scans appear in Tables 1 and 2 . Of the 210 patients, 159 (76%) had infarction, 23 (11%) had hemorrhage, and 28 (13%) had no definite acute lesion. Forty-three (20%) had more than one acute lesion; of these, three had hemorrhages. In Table 1 , the size and location regarding depth of the most extensive lesion are listed. Approximately three fourths of the lesions were 2x2x2 cm or larger (Table  1) . Mass effect/edema was seen in about 50% of the patients with infarction and in nearly all the patients with hemorrhage. 16 The regional distribution of the lesions is shown in Table 2 . 17 Because of lesion size or the presence of more than one lesion, many patients are registered in several groups. The single percentage can nevertheless indicate the regional load or to what extent each region was affected. The lesions were equally distributed between the left and right hemispheres. The frontal, parietal, and temporal lobes were equally involved, as were the basal ganglias. The occipital lobe and thalamus were less often affected. Other CT findings independent of the present stroke are shown in Table 2 . Fifty-seven patients (27%) had one or more old infarctions on CT. Only 27 of these patients had a recognized earlier stroke or TLA, which means that more than half of the old lesions resulted from silent strokes. Periventricular hypodensity was seen in 48 (23%) and atrophy in 58 (28%) of the patients. Table 3 shows the results from the first neurological examination. The variables in Tables 4 and 5 were analyzed using the logistic regression model. Criteria for choosing these variables were based on results from marginal two-way tests (probability values shown in Table 4 ) and their anticipated clinical importance (Table 5). We made marginal two-way tables for all avail- able data on noncomatose patients, which explains the total number of 216 for data about preceding illness and for data from the neurological examination. Twentyone of these patients did not undergo CT and were excluded in the further analyses. We found that age, level of consciousness, and lesions affecting the temporal lobe had significant effect on the probability of survival. The odds ratios of these variables seen in Table 6 show that the risk of death increases with rising age independently of other significant factors. For each year of age, the risk of dying is 1.06 times greater. Similarly, somnolent patients have a four times greater risk of dying than do patients who are awake in the acute phase. Also, patients with lesions affecting the temporal lobe have a poorer prognosis than do patients without the lesions. Prognostic values for the probability of being alive after 3 weeks for different combinations of age, level of consciousness, and temporal lobe location are shown in Figure 1 .
Discussion
The patients were hospitalized in the departments of internal medicine and neurology. During the study period, treatment and rehabilitation of stroke patients continued as usual. This study is not epidemiological in nature, and the results cannot be used for incidence calculations. 19 Our patients come primarily from the northwestern part of Copenhagen, whose population consists mainly of elderly people; this explains the relatively high mean age of 75 years and why the majority of our patients are women. 12 An acute lesion was demonstrated in 87% of the patients in whom CT was performed within the first week after stroke onset without intravenous contrast injection. 4 The incidence of hemorrhage and infarction in our stroke patients was, as expected, approximately 10% hemorrhages.
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- 21 The regional distribution of the lesions shows that the territories of the posterior cerebral artery, the occipital lobe, and the thalamus were less affected than the territories of the middle and anterior cerebral arteries. The basal ganglia was noticeably affected in 41% of the patients. Four patients, too small a number to be useful, showed lesions of the brain stem. However, some brain stem lesions may be hidden in the group of patients with no acute lesions. 22 Thus, after neurological examination and before the first CT, we proposed expected lesions of the brain stem in 22 patients. We divided the lesions into functional regions 17 rather than by arterial distribution because we wanted to look at the lesions from a rehabilitation point of view. Finding a number of old infarctions on CT was expected because the patients were included in the study regardless of any history of earlier stroke. Like the Framingham study, 23 we also expected to find a number of silent strokes. They found 10%, whereas we found 14%, with the higher percentage in our study probably explained by our high mean age of 75 years. Findings related to more general arteriosclerotic changes, such as periventricular hypodensity and atrophy, were found in 23% and 28% of the cases, respectively. Six of the patients with old infarctions had both atrophy and periventricular hypodensity. and, secondarily, by differences in selection criteria, especially regarding age and earlier stroke.
Our purpose was to find statistically significant factors for survival from stroke during the first 3 weeks after onset. In the statistical analyses, we used all available data on the patients, including information about earlier stroke. From the primary analyses, it was obvious that the variables age and level of consciousness were of importance and that involvement of the temporal lobe revealed by CT was of additional independent significant importance. The significance of the other variables was then analyzed after correction of these three factors.
In our study, as in previous series, age and level of consciousness were important factors for survival. Other neurological signs were less important, perhaps because our patients were heterogenous and included a group with symptoms of various degrees from earlier strokes.
Patients with lesions of the temporal lobe had a poorer prognosis with respect to survival. Although we are unable to give a precise explanation of this finding, we doubt that the size or cortical involvement of these lesions is of importance because these two variables were analyzed separately and found to have no prognostic significance. However, as a link in autonomic regulation, the temporal lobe might be important in maintenance of vital functions. 24 The presence of edema, atrophy, old lesions, and periventricular hypodensity on CT scan had no prognostic influence on survival within the first 3 weeks.
We conclude that CT, without intravenous contrast injection and performed systematically on all stroke patients within the first week after onset, can be of benefit. An acute lesion can be demonstrated in more than three fourths of patients, which is of prognostic importance because patients whose temporal lobe is affected have a four times greater risk of dying than patients without.
